* r 



(19) 




Euiop&sches Patentamt 



European Patent Office 
Office europeen des brevets 




(11) 



EP 0 966 182 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

2Z12.1999 Bulletin 1999/51 

(21) Application nurrber: 98306730.7 

(22) Date of filing: 21 .08.1 998 



(51) Inta 6 : H05B 33/10, H01L 51/20 



(84) Designated Contracting States: 

ATBECHCYDEDKESRFRGBGRIEITULU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 17.06.1998 KR 9822756 

(71) Applicant LG ELECTRONICS INC. 
Seoul (KR) 



(72) Inventors: 

• Kim, Chang Nam 

Chung rang-gu, Seoul (KR) 

• Kim, Sung Tae 
Eungpyung-gu, Seoul (KR) 

• Tak, Yoon Heung 
Yongln-sJ, KyungW-do (KR) 

(74) Representative: 

McLelsh, Nicholas AJistalr MaxweU et al 
Boult Wade Tennant 
27 FumJval Street 
London EC4A 1 PQ (GB) 



(54) Method of fabricating organic electroluminescent display panel 



(57) Disclosed is a method of fabricating an organic 
EL display panel wherein pixetatton can be performed 
without resorting to the use of a shadow mask and also 
without active EL elements being exposed to solvents 
from photoresist or developing and stripping solutions. 
The fabrication scheme comprises the steps of: (1) 
forming a first electrode layer and an insulating layer, in 
succession, on a transparent substrate: (2) removing 



said insulating layer in the predef ined region by a single 
or a plurality of laser beams: (3) forming organic func- 
tion layers and a second electrode layer, in succession, 
on the predefined surface inclusive of the insulating 
layer: and (4) repeating the steps of (2) and (3) once or 
more. 
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Description 

9ACKQRWNP OF THE INVENTION 
5 EflMAtta Invention 

[0001] The present invention relates to a novel method of fabricating an organic electroluminescent (hereinafter 
referred to as EL) display panel comprising organic EL elements which emit light when electric charges are injected into 
them 

10 

nisr. x^ion trf th* Badcnround Art 

* 

[0002] The technology of organic EL devices, also called organic light emitting diodes (LEDs). has been rapidly 
advancing, and several prototype modules have been successfully demonstrated at exhibitions. Organic EL devices are 

is extremely thin, matrix-addressable and operable at a relatively low voltage, typically less than 1 5 volts. Furthermore, 
they have additional features suitable for next generation flat panel displays (FPDs) such as, among other things, little 
dependence on viewing angle and good device-tormability on flexible substrates. A major drawback of liquid crystal dis- 
play, currently most well-known display of choice, is that most of them require bright backlighting, which can be easily 
eliminated by the use of an organic EL display. 

20 [0003] Organic LEDs differ fundamentally from conventional inorganic LEDs. While the charge transfer in inorganics 
is band-like in nature and the electron-hole recombination results in the interband emission of light, organic films are 
generally characterized by the low-mobility activated hopping transport and the emission is excHonic. Organic EL 
devices are also substantially different from conventional inorganic EL devices, especially in that organic EL devices are 
operable at low DC voltages. 

25 [0004] A substantial amount of research has been rf reeled towards the efficiency improvement and color control of 
organic LEDs. The efficiency of organic EL devices has now been dem onstrat ed to be certainly adequate for many 
commercial applications. Moreover, color control is probably not limiting for most potential applications. In fight of this, 
we believe that the outlook for commercial applications is excellent for organic EL devices. The performance of the 
organic EL devices is quite satisfactory for many applications. It is valuable to think in terms of specific products and 

so manufacturing techniques for the commercialization of organic EL devices. Consideration of the specific applications 
leads us to befieve that more work on manufacturabilHy, uniformity, reliability, and systems issues is required to com- 
mercialize organic EL 

[0005] The simplest way to drive an organic EL panel is to have organic function layers sandwiched between two sets 
of orthogonal electrodes, i.e. rows and columns (Fig. 1). In this passive addressing scheme, the EL element serves both 
35 the cfisplay and switching functions. The diode-like nonlinear current-voltage characteristic of the organic EL element 
should, in principle, permit a high degree of multiplexing in this mode of addressing. 

[0006] Pixelation or patterning, especially of electroluminescent and second electrode materials, is one of the key 
issues to be resolved before the commercialization of organic EL devices. The use of many conventional pixelation 
techniques is precluded due to the nature of organic materials which are extremely vulnerable to the attack by most sol- 
40 vents. 

[0007] The simplest patterning method is probably to use a shadow mask. As shown in Figs. 1 and 2, the pixelation 
of organic EL display panel can be accomplished by depositing second electrode material(s) 4 through the openings of 
a shadow mask 5 onto organic function layers 3 which are, in turn, laminated on a plurality of first electrode stripes 2. 
Said first electrode stripes 2 are generally formed by patterning a layer of indium tin oxide (ITO) deposited on a trans - 
45 parent, insulating substrate 1 . 

[0008] The pixelation method using a shadow mask becomes less efficient as the cfisplay resolution becomes finer. 
One possible solution tor a monochrome display is to separate adjacent pixels using electrically insulating ramparts 6 
as suggested in U.S. Patent No. 5.701 .055 (Rg. 3). 

[0009] As disclosed in JP Laid Open Patent No. H8-31 5981 (Figs. 4a - 4d), the use of additional shadow masks may 
so be required for the construction of a mufti or full color display: (1 ) putting a shadow mask with a plurality of openings (5- 
1 . 5-2 or 5-3) onto top surfaces of the ramparts 6. and afigning each of said openings to be placed over the gap between 
corresponcfing ramparts: (2) depositing organic EL medium layers of red (R). green (G) and blue (B) (4-1 . 4-2 and 4-3). 
one by one. through said openings; and (3) forming at least one second electrode layer 3 on said ramparts and said 
organic function layers 

55 [001 0] The above method may work fine for a display of moderate resolution and size. As the display size increases 
and the pitch decreases, however, said method reveals limitations: (HfTtcuites in making a shadow mask itself and addi- 
tionally in aligning said shadow mask with respect to a substrate. The need to make a pixelation without resorting to 
shadow mask(s) has been, in part, answered by U.a Patent No. 5.693.962 and JP Laid Open Patent No. H9-293589. 
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[0011) Figs. 5a - 5c illustrate the fabrication steps of a fufl color panel as suggested in US. Patent No. 5.693,962. 
Pig. 5a describes the formation process of a first sub-pixel: (1) patterning a layer of organic or inorganic conductor 
deposited on a transparent substrate 1 1 by conventional Sinograph*; techniques to torm a plurality of parallel conduc- 
tive stripes tor the first electrode 12; (2) depositing a layer of dielectric medium 13 on top of said conductive stripes 12 
and the exposed portions of substrate 11; (3) spin-coating of a photoresist (P R) layer 1 4-1 and patterning said c5 electric 
medium 13 by a dry a wet etching technique; (4) laminating an electroluminescent medium 5-1 ; (5) forming a capping 
layer 1 7-1 of the sub-pixel by depositing an air-stable metal on top of said electroluminescent medium; and (6) removing 
the PR layer 14-1 and those on said PR layer by lift-oft. Acetone or a stripping solution is often used tor lift-off. It is impor- 
tant to note that said electroluminescent medium can be exposed, through said capping layer, to said solvents during 
said lift-off process. The device degradation due to said exposure is not surprising, given the relatively poor adhesion 
between an organic material and a metal used as a capping layer. As shown in Figs. 5b and 5c second and third sub- 
pixels can be fabricated by the same token. 

[001 2] Rgs. 6a-6j describe the processes of forming R.Q.B sub-pixels as published in Japanese Laid Open Patent 
No. H9-293589: (1) forming a first electrode layer 22 on a transparent substrate 21, followed by the lamination of an 
electroluminescent medium (R) 23, a second electrode 24, and a protection layer 25; (2) spin-casting of photoresist 
(PR) 26 and subsequent patterning of red sub-pixels; and (3) repeating the above steps to form green and blue sub- 
pixels. During the above processing steps, active display elements are substantially exposed to PR, which is detrimen- 
tal to device performance because of solvents remaining in PR. For rough evaluation of adverse effects of photoresist, 
it is necessary to understand a typical photolithographic process: spin-casting of a photoresist solution on the substrate, 
soft-baking and exposure to an ultraviolet ray. developing, and hard-baking. In the background art under cfscussion, the 
panel is thereafter supposed to be subjected to etching and then PR stripping which again needs stripping solution's). 
During spin-casting, active EL elements are already exposed to solvents from the photoresist in a liquid phase. 
[0013] In short, background methods deserved above have a serious drawback. Active EL elements are inevitably 
exposed to various solvents from photoresist or developing and stripping solutions. Said solvents are extremely harmful 
to electroluminescent medium, and adversely affects the device performance. 

SUMMARY OF THE INVENTION 



[0014] Accorcfingry. the present invention is cfirected to a novel method of fabricating an organic electroluminescent 
display panel that addresses one or more of the problems due to limitations and disadvantages of the related art 
[001 5] An object of the present invention is to provide a method of fabricating an organic EL display panel wherein 
pixelation can be performed without resorting to the use of a shadow mask and also without active EL elements being 
exposed to solvents from photoresist or developing and stripping solutions. 

[001 6] Additional features and advantages of the invention win be set forth in the description which follows, and in part 
will be apparent from the description, or may be learned by practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0017] In one aspect the present invention provides a method of fabricating an organic electroluminescent (EL) dis- 
play panel having organic function layers including at least one organic EL medium layer laminated between first and 
second electrodes comprises the step of pixelation by a single or a plurality of laser beams. 

[0018] In another aspect of the present invention, there is provided a method of fabricating an organic EL display 
panel, comprising the steps of: (1) forming a first electrode layer, organic function layers including at least one organic 
EL mecfium layer, and a second electrode layer in succession on a transparent substrate; and (2) removing, selectively, 
said second electrode layer and organic function layers in the predefined region by a single or a plurality of laser beams. 
[0019] In a ctftional aspect of the present invention, there is provided a method of fabricating an organic EL display 
panel, comprising the steps of : (1 ) forming a first electrode layer and an insulating layer in succession on a transparent 
substrate; (2) removing said insulating layer in the predefined region by a single or a plurality of laser beams; (3) forming 
organic function layers and a second electrode layer, in succession, on the predefined surface inclusive of the insulating 
layer; and (4) repealing the steps of (2) and (3) at least once 

[0020] In further aspect of the present invention, there is provided a method of fabricating an organic EL display panel, 
comprising the steps ot (1) forming a first electrode layer and an insulating layer in succession on a transparent sut^ 
strata; (2) removing said insulating film in the predefined region by a single or a plurality of laser beams* (3) forming 
organic function layers, a second electrode layer and a protection layer, in succession, on the predefined surface inclu- 
sive of the insulating layer; and (4) repeating the steps of (2) and (3) once or more 

[0021] It is to be understood that both the foregoing general description and the following detailed description are 
exemplary and explanatory and are intended to prosnde further explanation of the invention as claimed. 
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[0022] The accompanying drawings, which are included to provide further understanding of the invention and are 
incorporated in and constitute a part of this specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
[0023] In the drawings: 



Fig. 1 illustrates a plan view of a typical passive addressing organic EL display panel; 
Fig. 2 is a cross-sectionaJ view showing the process of patterning the second electrode using a shadow mask; 
Rg. 3 is a sectionaJ view illustrating the process of pixelation using insulating ramparts; 
Figs. 4a~4d, 5a~5c and 6a~6j illustrate sectional views showing the fabricating steps of background methods; 

Figs, 7a~7h illustrate sections shewing the steps of fabricating an organic EL display panel in accordance with the 
first embodiment of the present invention; 

Figs. 8a~8k illustrate sections showing the steps of fabricating an organic EL display panel in accordance with the 
20 second embodiment of the present invention; 

Fig. 9 illustrates an exemplary laser-beam etching system in accordance with an embodiment of the present inven- 
tion; and. 



Fig. 10 illustrates an exemplary process of the laser-beam etching using a mask in accordance with an embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF T HE PREFFRRPH EMBODIMENT 

[0024] Reference win now be made in detail to the preferred embodiments of the present invention, examples of which 
are illustrated m the accompanying drawings. For the fabrication of an organic EL display panel with a plurality of emit- 
ting portions! laminated between a plurality of first and second electrodes, a pixelation method is utilized characterized 
a laser-beam etching method, by not using a shadow mask for pixelation. and also by preventing active 





m 


leJT 





and B sub-pixels is illustrated in the accompanying drawings. 
[0025] Figs. 7a~7h illustrate sectional views showing the steps of fabricating an organic EL display panel in accord- 
ance wrth the first embodiment ot the present invention. Referring to Rg. 7a. the fabrication processes start with tormina 
the stripes of first electrodes 102 by photoltthographically patterning a transparent layer of typically indium tin oxide 
(TO) deposited on a transparent substrate 101. and forming the stripes of an electrically insulating buffer layer 103 in 
orlhogor^elal^diip to said stripes of first electrodes 102. Said buffer layer 103. being not luminescent, serves for 
thared . uc ! bono '. Ieakage currefrt *» """erino the chance of first electrodes 102 to be microscopicany short-circuited to 
second electrodes that are to be formed in a later step. Said buffer layer 1 03 can be formed by depositing preferably an 
inorganic compound such as silicon oxide or silicon nitride or a polymeric material such as polyimide by vapor deposi- 
twofrbeam evaporation. RF sputtering, chemical vapor deposition (CVD). spin coating, dipping. Dr. blade method, 
electro- or electroless plating, or screen printing method. memoa. 
[00261^Then, as shown in Rrj. 7b. an insulating layer 104 is formed on the predefined surface inclusive of said buffer 
layer 103 and a laser-beam etching is performed to remove a portion of said insulating layer 104 wherein red emittina 
subfaeb are to be formed in the next step. The material for said insulating layer 104 needs to have a considerable 
absorption cross-section at the wavelength of the laser beam used and additionally a good film-forming characteristic 
Sadmatenal s preferably polymeric, tor example photoresist and is preferably formed to a thickness of 0.1 - 100 urn 
[00271 The most distinctive difference between the background art and the embodiment Ges in the fact that (1) the 
process ™oMng a photoresist is performed before the lamination of any electroluminescent medium, and (2) therefore 
thephctoresst used can be hard-baked at a high enough temperature for a long enough time, ensuing conplete elinv 

T" ^TTT *2T inSidettl9PR,Sm - tfanEL subjected to^Tharsh a 

very <^&ty Thus, the photoresist used in the background art can not be completely baked. To the contrary mTpho- 
toresrst used here does not pose any adverse effects onto the device performance. ^ 
[00281 In the next step, the part of the ITO-coated substrate wherein sub-pixels are to be formed is optionaDy treated 
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with oxygen plasma or UV/ozone. As shown in Fig. 7c. next, the first organic function layers 105a (for example red light 
emitting) and a second electrode layer 106a are deposited, in succession, on the predefined surface inclusive of the 
insulating film 104. A typical example of organic function layers 105a is: (1) a buffer layer of copper phthalocyanina 
(OiPc] I typically 10nm - 20nm thick. (2) a hole transporting layer of N.N'^eriyl-N.^*is(3^ethytprrenyO-(1.V-biphe- 
nylH.4 -diamine (TPO) typically 30nm - sonm thick, and (3) an emitting layer of tris(8-hydroxy^nolate)alurtnum 
(Akfe) 40nm - eonm thick, doped with DCM 2 for the red emission. The second electrode 1 06a is typically formed of 
any one selected from Al. Ca. MgrAg. and AI:U. 7 

[0029] Next (Fig. 7d). another portion of said insulating layer 104 is etched out with a laser beam. Following an 
optional surface treatment the second organic function layers 105b (tor example, green light emitting) and a second 
electrode layer 106b are deposited (Fig. 7e). A typical green right emitting EL medium is ccumarin 6 doped Alq, 
[0030] Figs. 7f and 7g illustrate the repetition of a sub-pixel formation tor the third color, blue in this instance BAkh 
doped with perylene is an example of blue emitting EL medium. To ensure the electrical insulation between two ac- 
cent sub-pixels, it is appropriate to cut into two parts, using a laser-beam, the organic function layers and second elec- 
trode layers formed on top of an insulating layer 104 between two adjacent sub-pixels (Fig. 7h). Next the panel is 
covered with a protection layer 107 to prevent primarily moisture from penetrating into active EL elements, and is con- 
sequently subjected to an encapsulation process. Said protection layer 107 may contain one or a mixture of moisture 
absorbing ingredients in it The formation of a protection layer may be performed prior to the laser scribing 
[0031 ) Rgs. 8a-8k illustrate sections showing the steps of fabricating an organic EL display panel in accordance with 
mesecond embodiment of the present invention, which is exactly the same as the first embodment except that a dto- 
^H!. " COated 00 top 01 8 suty ^ XBi W8f y said sub-pixel is formed The first and second sub-pixels are 
coated with protection layers 107a and 107b before the formation of the second and third sublets, respectively (Bos. 
M»8g). and a protection foyer 107c is additional coated after me formation of to aft Since said 

vSSS! 1°*L 8 an H° 7b e " h8 * 10 8hWd 9,8 ** "* 6eCOTd ntteaaa^oS 
vents dunng the subsequent process steps, the long-term stability should improve and. furthermore, more freedomin 

thepnxessde^gn can be gained. Said inner protection foyers 107a lOTband 107^Tn ZSS^ 
ecton layer 1 07d ever, after the completion of device febrteation. Therefore, it is highly recommended for sakTton* 
tecton layers to contain one or a mixture of moisture absorbing ingredients in them P 

K 1 JS^aSH ^.ff 8 ^ ^f"P«c«y of a sequence of sub?ixel formation steps. Lethe repetition of the laser- 
Ss 1£2£!£* ememS - ^ d8tailS 01 ,aser - beam ***** techniques and process reqX 

r^L'!L^^ P I e ^ e r , deflradati0n 01 d8p,ay e,emente **** etching Process, the panel under process 
"^^elo^ederther « ^aium or in a dry or inert atmosphere while the laser beam generator may be operated 
in :£"*«Phff« .Jhe laser beam is guided into a vacuum chamber or a glove box fined with an in^Sil 

Z^J?™°* *£* abso rL on **■ las " Depend^ on the system design, either the JbeaTfe 
scanned (H* 9^ or the moving stage wrth a panel mounted on it moves as programmed, generally the former method 
being less aatabte for applications requiring such an accurate position control as in the present ir^rrtfoosS S 
stagemay haveencoders or sensors attached for a feedback control, ft has been found useful that op^aSeleSS 
properties of TO can be used tor the feedback control of positioning opncai ana aectncai 

^^J^^^Z pr ^f* aVe ' enflth 68 selec,8d considering physical and chemical properties of 
fiTematenals to be etched, of which the most important factor is the absorption cross-section as a funcfionVwXe- 
length. The lasers much used tor etching metals and organic materials are a frequency doubled NdYAG laser wftha 

S^^^^J^IT****- ln me *™«« ^ laseTTpreferabfy operand in aSe 

^ ^ ^ ^ mnMJS wtsch may cause a thermal damage to the device. The laser power and pulse reo- 

SSZ^XT™" ^l* 6 S8C0nd 8,8Ctred8 lotion layers, bu^ot EE£ Z 

first electroda A list of lasers usable in the present invention is as follows: 



so 



laser 


gas 


wavelengthf 


remark 


Nd:YAQ 




1.06 




* 




0 53 


Frequency 


Er:YAQ 




2S 




HoiYAQ 




1.9 




Excimer laser 




515 




• 


ArF 


019 
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laser 


988 


wavelength( 


remark 


• 


KrF 


0.25 




• 


XeO 


0.31 




• 


XeF 


0.35 




Ar ion laser 


Ar 


0.52 




N2 laser 


*2 


0.34 





[0Q35J Depending on the process design, the laser beam may be cfirected into the panel from the first electrode side 
or from the second electrode side. ITO. a typical first electrode material, apparently does not have a large absorption 
cross-section at 0.53 pm. and thus a frequency doubled Nd:YAQ laser may be irradiated from the ITO side to etch 
organic function layers and the second electrode. Etching rates of certain materials may be enhanced if a single or a 
plurality of appropriate reactive gases are introduced together with the laser beam. The shape and size of a laser beam 
spot may be adjusted as necessary. In addition, a plurality of sub-pixels may be etched simultaneously with the use of 
a property designed etching mask, as shown in Fig. 10. Irradiating a large area at a time would require a laser system 
with a targe beam spot and a high power. 

[0036] The method of fabricating an organic EL display panel has the following advantages. 
[0037J Primarily, the production yield is significantly raised because a simple and fast laser processing method is 
employed and also because a shadow mask, difficult to mate and even more tricky to accurately align with respect to 
a substrate, is not used for the fabrication. Furthermore, the long-term stability is much improved by rrtnimizina the 
exposure of active EL elements to detrimental solvents and motsrura 

[0038] It will be apparent to those skilled in the art that various modifications and variations can be made in the 
method of fabricating an organic EL display panel of the present invention without departing from the scope of the 
invention. Thus, it is intended that the present invention cover the modifications and variations of this invention provided 
they come within the scope of the appended daims and their equivalents. 



30 Claims 



35 



40 



45 



50 



55 



1 . A method of fabricating an organic EL display panel, comprising the steps of: 

(1) forming a first electrode layer, organic function layers including at least one organic EL medium layer and 
a second electrode layer in succession on a transparent substrate; and 

(2) removing, selectively, said second electrode layer and organic function layers in the predefined region bv a 
single or a plurality of laser beams. 

2. A method as claimed in claim 1 , wherein said laser beam is operated in a pulse mode. 

3. A method as claimed in claim 1 or daim 2. wherein said laser beam is directed into the panel under process from 
either side of the transparent substrate. 

4. A method as claimed in any of the above daims, wherein at least one reactive gas is flown onto the surface of said 
display panel under process along with the laser-beam irradiation, in the step (2). 



5. A method as claimed in any of the above daims. wherein a mask with the predefined pattern is provided between 
a laser source and the clsplay panel under process, in the step (2). 

6. A method as daimed in any of the above daims. wherein a protection layer is formed on the surface of the chelated 
substrate, after the step (2). 

7. A method of fabricating an organic EL display panel, comprising the steps of: 

(1) forming a first electrode and an insulating layer, in succession, on a transparent SUbstrate- 
re) ramevrnn cAtM-tk/ah/ ealH ^ciiat;^ a. . - ' . _ • . 



•II 




t 







ing layer; and. 
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(4) repeating the steps of (2) and (3) once or more. 
8* A method as claimed in claim 7,wherein step (3)comprises: 

5 forming agaric function layers including at least said one organic EL medium layer, said second electrode 

layer, and a protection layer in succession on the predefined surface inclusive of said insulating layer. 

9. A method as claimed in daim 7 or claim 8, further comprising the step of cutting into two parts, using a single or a 
plurality of laser beams, the organic function layers and second electrode layer formed on top of said insulating 

10 layer between two adjacent sub-pixels, after the step (4). 

1 0. A method as claimed in any of claims 7 to 9, wherein a buffer layer is provided between the insulating layer and the 
first electrode. 

is 1 1 . A method as claimed in claim 1 0. wherein said buffer layer is formed of an inorganic or organic material with a good 
insulating property. 

12. A method as claimed in any of claims 7 to 11. wherein said insulating layer is formed of a single or a plurality of 
polymeric materials. 

20 

13. A method as claimed in any of claims 7 to 12, wherein said insulating layer is subjected to a process to eliminate 
solvents and moisture, after the step (1). 

14. A method as claimed in any of claims 7 to 13, wherein said insulating layer has a thickness of 0.1 urn- 100um. 

25 

1 5. A method as claimed in any of claims 7 to 1 4. wherein a protection layer is formed on the predef ined surface of the 
pixelated substrate, after the step (4). 

1 6. A method as claimed in any of the above claims wherein at least one protection layer contains one or a mixture of 
30 moisture absorbing ingredients. 

17. A method as claimed in any of the above claims, wherein the step (2) is conducted in vacuum or in a dry or inert 
atmosphere. 

35 18. A method of manufacturing an organic electroluminescent (EL) display panel having organic function layers includ- 
ing at least one organic EL medum layer laminated between first and second electrodes comprises the step of pix- 
elation using a single or a plurality of laser beams. 

19. An organic electroluminescent display panel manufactured by the method as claimed in any of claims 1 to 18. 
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FIG.5A 
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FIG.5C 
Background Art 
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FIG.6A 
Background Art 
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FIG.6D 
Background Art 
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FIG.6F 
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FIG.6I 
Background Art 
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FIG.7A 
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